Abstract. We present a study of the X-ray emission from binary systems extracted from the Lindroos catalogue (Lindroos 1986) based on the ROSAT All-Sky survey as well as ROSAT PSPC and HRI pointings. The studied sample consists of visual binary systems comprised of early-type primaries and late-type secondaries. The ages of the systems were determined by Lindroos (1985) from uvbyβ photometry of the primaries. These ages range between 33 and 135 Myr, so if the late-type secondaries are physically bound to the early-type primaries, they could be Post-T Tauri stars (PTTS).
Introduction
Pre-main sequence (PMS) late-type stars are known to be X-ray sources (see Walter et al. 1988 , Bouvier 1990 and Neuhäuser et al. 1995 . In the evolution of these stars to the Main Sequence (MS), there is a state usually defined as Post-T Tauri Stars (PTTS). PTTS were first defined by Herbig (1978) as PMS stars more evolved than Classical T Tauri stars (CTTS) but still contracting to the MS. Given that the stage of CTTS is only a small fraction of the total time of contraction of low-mass stars to the MS, PTTS should be much more abundant than CTTS if star formation has been ongoing for a sufficiently long time. However, it is difficult to find PTTS because they do not show spectroscopic or photometric peculiarities which make them easy to detect. Unlike CTTS, they
Send offprint requests to: N. Huélamo Correspondence to: huelamo@xray.mpe.mpg.de do not present significant IR or UV excesses and the Hα line is not observed as a strong emission line. Therefore, the identification of these stars is difficult and relies on the detection of the Li I (6708Å) absorption line and the chromospheric Ca II (H & K) lines in their spectra, as well as on their X-ray detection. Murphy (1969) first proposed that PTTS could be searched as members of young binary systems. The basis of his idea was that the MS lifetime of high-mass stars is comparable to the contraction timescale of solar-type stars. Hence, there could be binary systems comprised of MS early-type stars physically bound to PTTS. Gahm et al. (1983) carried out photometric and spectroscopic observations of visual double stars with early type primaries. The derived data, together with JHKL observations, allowed Lindroos (1986; L86 hereafter) to identify 78 likely physical pairs with several PTTS candidates as secondaries.
A high lithium abundance and a high chromospheric activity level are necessary (although not sufficient) indicators of youth. Martín et al. (1992) and Pallavicini et al. (1992) carried out optical spectroscopy of the Lindroos late-type companions, detecting the Li I(6708Å) absorption line and the Ca II (H & K) emission lines in the spectra of several PTTS candidates. Ray et al. (1995) took this sample of "genuine" PTTS and looked for circumstellar matter around them. For this purpose, they analyzed the IRAS database (Point Source Catalogue and Faint Source Catalogue) and also searched for continuum 1.1 mm emission. While IR excesses were found for most of the sources, no mm dust continuum was detected (see also Gahm et al. 1994 and Jewitt 1994) .
The X-ray emission from Lindroos binary systems was first studied by Schmitt et al. (1993) . After the analysis of seven pairs comprised of late B-type stars and later-type companions, the main result was the detection of X-rays from both members of the pair. In the case of late-type stars it is well-known that they produce X-rays in their hot coronae. However, this is not the case of late-B type stars. Theoretically, early-type stars between B4 and A7 are not expected to be X-ray emitters: they do not possess the strong winds thought to be responsible of the X- Pallavicini et al. (1992) with respect to the presence of the Lithium absorption line and CaII (H and K) chromospheric lines in the spectrum of the secondary: CP (certainly physical), PP (probably physical) and LO (likely optical); 7. Unknown visual magnitude for the secondary star.
ray emission in O-and early B-type stars (Lucy & White 1980) , nor significant convection zones thought to be necessary to sustain a magnetic dynamo to power a corona. Although the detection of X-rays from late-B and early-A type stars have been reported by several authors (i.e. Caillault & Zoonematkermani 1989 , Schmitt et al. 1993 , Berghöfer & Schmitt 1994 , Berghöfer et al. 1996 , Simon et al. 1995 , Panzera et al. 1999 , there is no clear mechanism that explains the origin of this emission. The most accepted explanation is related to the presence of otherwise unknown unresolved late-type companions of these stars.
The aim of this paper is to study the X-ray emission of all L86 binary systems with PTTS candidates which were observed by ROSAT. For this purpose, we have selected binary systems with late-type stars as secondaries. We will study the X-ray emission from the PTTS candidates as well as the emission from the early-type stars. The characteristics of the sample are described in Sect. 2. Sect. 3 provides the details related to the source detection and identification. The processed X-ray data are analyzed in Sections 4, 5 and 6. The conclusions are drawn in Sect. 7.
The binary sample
The Lindroos catalogue (L86) contains 78 binary systems. We have selected those binaries in which the secondary member is a F, G, or K-type star (note that no M-type stars are present in the Lindroos Catalogue). Our final sample consists of 47 systems. Two of them (HD 113791 and HD 106983) were not included in L86 but in Gahm et al. (1983) . We have also included the binary system HR 4796 (HD 109573, TWA 11), a possible member of the TW Hya association (see Webb et al. 1999) given that its stellar properties are in agreement with those of the Lindroos sample. This is the only binary system in our sample with an M-type star as a secondary. Note that we have not rejected those pairs that are classified as likely optical pairs by Pallavicini et al. (1992) , having in view that the X-ray emission could provide important information related to the nature of these systems.
Stellar properties of our binary sample are shown in Table 1 . The name of the source as well as the components of the binary system (A for the primary, B for the secondary and C or X for companions in multiple systems) are shown in column 1. The spectral types of both stars are given in column 2. Column 3 shows the optical position of the primary star while column 4 shows the projected separation between both members. The distance to the primary star, the visual magnitude of both components and the visual extinction to the pair are given in columns 5, 6 and 7. We have also included in column 8 an orientative 'flag' which is related to the nature of the binary system: according to the spectroscopic survey carried out by Pallavicini et al. (1992) , the systems are classified as LO (likely optical pair), PP (probably physically bound) and CP (certainly physically bound).
ROSAT observations and data reduction
The X-ray telescope and the instrumentation onboard the ROSAT satellite are described in detail by Trümper (1983) , Pfeffermann et al. (1988) and David et el. (1996) . Two main detectors are available: the Position Sensitive Proportional Counter (PSPC), which can be used either in survey or in pointed mode, and the High Resolution Imager (HRI).
We have studied all the available data for our sample, i.e., PSPC (survey and pointed mode) and HRI data. The source detection and identification have been carried out using the source detection routines provided by the Extended Scientific Analysis System (EXSAS; Zimmermann et al. 1997) which are based on a Maximum Likelihood (ML) technique (Cruddace et al. 1988) . For all detected X-ray sources we have looked for optical counterparts to check the reliability of the detection. We will briefly describe the data in the following subsections.
PSPC observations
The ROSAT All-Sky Survey (RASS) was performed with the PSPC. The diameter of the field of view is 2
• and each object is observed up to ∼ 30 times separated by ∼ 90 minutes, with up to ∼ 30 sec per scan.
The spectral resolution of the PSPC (43% at 0.93 keV) allows spectral analysis in three energy bands:
-Soft = 0.1 to 0.4 keV -Hard 1 = 0.5 to 0.9 keV -Hard 2 = 0.9 to 2.0 keV While in some pointed observations the signal to noise are large enough to carry out detailed spectral analysis, this is not possible for RASS data. Note that the RASS exposure times of our sample range from 75 sec to 1236 sec. However, we can obtain spectral information of our sources studying the X-ray hardness ratios (HR) defined as follows: Notes:
1. Given the low spatial resolution of the PSPC, we cannot resolve the two components of the binary system. As a consequence, the displacement ∆ between the detected X-ray source and the optical positions of the two components of the system are given. 2. In the case of non-detection, upper limits are computed at the positions of both components, A and B, respectively.
is energy and off-axis angle dependent). However, this accuracy is reduced to ∼ 1 ′ in the survey phase. If the offset between the X-ray source and the optical position exceeds the spatial resolution of the RASS data (∼ 1 ′ ), the identification of the X-ray source with the optical counterpart is doubtful. Hence, for all the RASS observations we have to select a maximal displacement between the X-ray and the optical position within which the detections are reliable. Following Neuhäuser et al. (1995), we have taken a value of 40 ′′ as the maximal distance between the X-ray detection and the optical counterpart.
The RASS data (detections and upper limits) of our sample are shown in Table 2 . The name of the source and the position of the X-ray detection are given in columns 1 and 2. As mentioned before, the spatial resolution of the PSPC is too low to resolve most of the binary systems. In fact, in most of the cases we have only obtained a single detection displaced from both components of the system. Hence, we show in column 3 the displacements of the X- Notes: 1. The source is very close to the support structure of the telescope, so we are not sure about the reliability of the upper limit; 2. This source has two PSPC observations: 201271p and 201271p-1. There are no detections in the individual observations, so we have added up both files to improve the S/N ratio.
ray detection with respect to the optical positions of both members of the binary system. There is only one system in which the projected separation is so large that the X-ray emission can be clearly attributed to the secondary star: HD 87901. The total number of counts in the broad band, the exposure time and the hardness ratios HR1 and HR2 are given in columns 4, 5, 6 and 7. In the case of nondetections we have computed the number of counts at the position of both components, A and B, respectively. An estimate of the probability of the detection by the ML procedure is given in the last column; a value of ML=5 corresponds to a 2.7σ signal over the background. Note that 11 sources listed in Table 1 do not appear in Table 2 . Most of them (HD 8803, HD 27638, HD 36013, HD 36779, HD 53755, HD 71510, HD 123445 and HD 162082) are not detected and are located so close to another X-ray sources that a computation of an upper limit is not possible. Two of them (HD 70309, HD 76566 and HD 120641) show bad quality exposure maps so no X-ray data can be derived.
The same information as in Table 2 is given in Table  3 for PSPC pointed observations. Only four of our binary systems were observed in PSPC pointings, with just two of them detected. Columns 1 and 2 provide the name of the system and the ROSAT Observation Request (ROR) number. The coordinates of the X-ray detection are given in column 3. As in the case of the RASS data, the spatial resolution is not high enough to detect both components of the binary systems. As a consequence, we show the displacement ∆ of the X-ray source with respect to both components of the binary system in column 4. Column 5 shows the displacement of the source with respect to the center of the image (off-axis angle). Note that the sensitivity of the detector degrades with increasing off-axis angle. The total number of counts, the exposure time and the hardness ratios, HR1 and HR2, are given in columns 6, 7, 8 and 9. The ML coefficient is provided in the last column.
HRI observations
The HRI detector allows high resolution imaging of X-rays sources. The nominal spatial resolution of the detector is 1.7
′′ but a bore-sight correction as much as 10 ′′ should be applied. The projected separations between the members of our binary systems range from 4.4
′′ to 177 ′′ . Most of them show separations larger than 10 ′′ so, in principle, they can be resolved by the HRI.
The spectral resolution of the HRI is worse than that of the PSPC. However, the HRI pulse height distribution can be used to compute a 2-band (H and S) hardness ratio. We have defined the HRI hardness ratio as:
To obtain the most realiable S-and H-band definitions, several ROSAT sources known from their PSPC pointed observations to be either extremely soft (HR1 < -0.8) or extremely hard (HR1 > +0.8) were selected (∼20). For these sources the HRI hardness ratios were calculated according to Eq. (2) for the following different soft and hard band definitions: S1 = 0-5, H1 = 6-15; S2 = 0-4, H2 = 5-15; S3 = 0-3, H3 = 4-15; and S4 = 0-2, H4 = 3-15, where the numbers give the corresponding HRI energy channels. For each of the corresponding four HRI hardness ratios the mean difference to the PSPC hardness ratios (HR1), was computed. The HRI bands for which the selected sources show the smallest deviation to the PSPC hardness ratio were S3,H3. Therefore, the HRI bands are defined as the soft band (S-band) corresponding to channels 0 to 3 (E < ∼ 0.3 keV) and the hard band (H-band) corresponding to channels 4 to 15 (E > ∼ 0.3 keV). This HRI hardness ratio shows a smaller dynamical range than the PSPC hardness ratio, HR1, but clearly identifies soft sources with negative values and hard sources with positive values. For more details, see Supper et al. (in prep.) . Notes: 1. If both components are detected, coordinates of both X-ray sources are given. The displacement of the secondary with respect to the detected X-ray source is computed comparing with its optical coordinates; 2. The two stars of the system are not completely resolved so each star is contributing to the count rate of the companion. 3. The undetected component is so close to the X-ray source that no reliable upper limit can be computed; 4. HD74146 has another observation, 200186h, but with very low exposure time (texp = 357.5 s); e for elongated sources; * The elongated shape is due to attitude problems in the processed data; s stars previously studied by Schmitt et al. (1993) . 3 give the name of the source, the ROR number, and the component of the system detected: A+B when both stars are not resolved and there is only a single detection, and A or B (or C or X for secondaries in multiple systems) when the members of the binary system have been resolved. We have also added an 'e' to designate the elongated sources. The position of the X-ray sources are shown in column 4. Column 5 shows the difference between the optical and X-ray position. Note that the optical coordinates used as a reference for the B-components are those of the secondaries (taken from SIMBAD database). Column 6 shows the displacement of the sources with respect to the axis of the telescope. Finally, the total counts in the broad band, the exposure time, the hardness ratio and the ML coefficient are given in columns 7, 8, 9 and 10. The upper limits of the undetected sources are also shown. Table 4 includes three binary systems (HD 86388, HD 109573 and HD 113703) for which it is not clear which of the two members of the system is responsible for the Xray emission. After the comparison of the optical and the X-ray position, we believe that the late-type companion is most likely the X-ray emitter in the three cases. This is clearer for the HD 86388 system because the X-ray detection is not elongated and it is closer to the optical position of the secondary. In the case of HD 109573 and HD 113703 the X-ray detections in the broad band are slightly elongated although much closer to the optical position of the secondary star (see Table 4 ). Hence, we will assume that the X-ray emission comes from the late-type secondaries in the three cases under study.
In order to illustrate different observations of the Lindroos binary systems, we have shown in Fig. 1 several HRI images of different pairs.
X-ray fluxes and luminosities
The X-rays fluxes can be computed by multiplying the observed count rates by an energy conversion factor (ECF). The ECF depends on the detector response and the underlying model for the X-ray spectrum. In the case of our sample we have assumed a 1-T Raymond-Smith thermal spectrum (Raymond & Smith 1977) , which implies that the ECF mainly depends on the temperature of the emitting plasma and the interstellar absorption. The assumed temperature for the late-type stars is kT x = 1 keV (with k = Boltzmann's constant) which is suitable for active late-type stars such as TTS (see Neuhäuser et al. 1995) . In the case of the B-type stars we have adopted a mean value of kT x = 0.5 keV (see Schmitt 1994 and Berghöfer et al. 1996) .
In order to correct for the interstellar absorption, we have converted the visual extinction A v to our sources into hydrogen column densities, N H , following Paresce (1984) :
For those cases for which no A v is available, we have adopted a lower limit of log (N H /cm −2 ) = 18. The PSPC ECF for different temperatures and interstellar absorption column densities are provided by Neuhäuser et al. (1995) for late-type stars, and by Berghöfer et al. (1996) for early-type stars. In the case of the HRI observations, we have computed the ECF's following the Technical Appendix to the ROSAT Call for proposals.
Once we obtain the X-ray fluxes, the X-ray luminosities are given by
with d being the distance to the star. We have made use of the Hipparcos parallaxes of the primary stars to estimate the distances to our sources (see Table 1 ). The X-ray fluxes and luminosities for the whole sample are given in Table 5 . The HD number and the binary component (A, B, C or X) are shown in columns 1 and 2. Column 3 provides the computed hydrogen column density. The type of observation, R for RASS, P for PSPC Notes: 1. Adopted from Berghöfer et al. (1996) ; 2. Adopted from Fruscione et al. (1994) ; * Mean X-ray luminosities computed from several observations. . The early-and late-type star data are connected by a solid and a dashed line respectively. We can see that the XLF is the same for both cases. Although the resulting probabilities vary from one plot to the other, the main result is that our samples are statistically similar in the two cases.
and H for HRI, is given in column 4. The X-ray luminosities with their respective errors and the upper limits for non-detections are finally listed in the last column. If the binary system is observed and resolved by the HRI, we provide the fluxes and luminosities for both members of the pair. If unresolved, we just can provide one X-ray luminosity associated with the pair. In these cases we have adopted a temperature of 1 keV to compute the ECF's although, in principle, both stars could be contributing to the total emission. The last method has also been applied to those systems with only RASS or PSPC pointed observations, given that they are always unresolved. In the case of RASS or PSPC non-detections, we have estimated two upper limit luminosities, corresponding to the count rates computed at the optical positions of the primary and the secondary star, respectively (see Table 2 ).
Interpretation of the data
The PSPC is not able to resolve most of the binary systems of the sample (the only exception is HD 87901). Therefore, the HRI data are the most appropriate to study the X-ray emission of individual stars in Lindroos systems. We have based the following analysis on the HRI data of resolved pairs. As we will show in Section 5, most of the resolved pairs show evidences of being physically bound. Only two binary systems are definitely optical pairs (HD 123445 and HD 127971), while another two systems are doubtful (HD 40494 and HD 87901).
X-ray luminosity functions
The X-ray luminosity function (XLF) of a sample can be derived with Kaplan-Meier estimators using the statistical package ASURV (see Feigelson & Nelson 1985 , Schmitt, 1985 and Isobe et al. 1986 ), which allows to take into account both detections and upper limits.
To check whether the two samples of early-type primaries and late-type secondaries are statistically different we have performed a two-sample test with ASURV. We do not include those objects which are either unresolved or whose identification is not clear, namely: HD 560 and HD 1438, HD 33802, HD 109573, HD 113703 and HD 86388. The result of the test is that our samples are statistically similar with a probability of 0.8 (see upper panel of Fig. 2 ). Given the different spectral types of the stars in the two samples, this conclusion may appear surprising. In order to check this result, we have repeated the statistical analysis after removing those sources that could be contaminating both samples. In the case of the latetype stars we have removed the X-ray upper limits of two probably unbound sources, HD 123445 B, HD 127971 B. In Notes: * No U-magnitudes available. We derived them from their spectral types and their V-magnitudes, according to Kenyon & Hartmann (1995) .
the case of early-type stars we have removed one source with an unreliable X-ray detection ( HD 87901 A, see Sect. 4.2), and three sources for which we found indications of unresolved late-type companions (Sect. 4.3): HD 123445 A, HD 127971 A and HD 129791 A. For this reduced sample, the probability of both groups of stars to be statistically similar is reduced to 0.4 but this value is higher than the threshold (0.05) to reject the null hypothesis of our two samples to be equivalent. (see lower panel of Fig. 2) .
Note, however, that the X-ray luminosity alone cannot provide information about the nature of the X-ray emission. This could only be studied through the spectral analysis of the emission or through the hardness ratios (HR's).
Hardness ratios
In the case of the HRI observations, we could obtain individual hardness ratios (HR) using the two sets of channels defined in Sect. 3.2. As shown in Table 4 , the computed hardness ratios generally differ from early-to late-type stars. In most of the cases, late-type stars show positive HR's while early-type stars show negative values. This means that late-type stars emit most of their X-ray radiation in the H-band, which is consistent with the presence of an energetic corona, while early-type stars mainly emit in the S-band. In fact, there are several stars which are only detected in one of these bands, showing upper or lower limits to the HR's. However, there are some stars which do not follow this trend: HD 87901A, HD 123445A, HD 127971A and HD 129791A, all of which are early-type stars so they are not supposed to have an energetic corona which could explain their positive HR's. Berghöfer et al. (1999) has shown that the HRI detector is sensitive to ultraviolet (UV) radiation below 4000Å. The contamination of the UV light to the final count rate is mainly concentrated to pulse height channels 1-3 (∼ our S-band range). Our primary stars are bright sources in the UV range so, in principle, the computed S-band rate could be just a response of the detector to the UV light. In order to check the reliability of the S-band counts for the early-type stars, we have estimated the contribution of the photospheric UV light to the total S-band rate. Following Berghöfer et al. (1999) :
(−1.022±0.003)−(0.555±0.005)U (cts/s) (5) with U being the U-magnitudes of the observed stars. This equation was deduced considering the emission of the sources from channels 1 to 8 of the HRI detector. In order to be conservative, we have also computed the S-band rates in these channels. Table 6 shows the results. Column 1 provides the name of the star. The U-magnitudes, taken from The Bright Star Catalogue (Hoffleit & Jaschek 1991) are shown in column 2. For three sources U-magnitudes are not available, so we deduced them from their spectral types and V-magnitudes following Kenyon & Hartmann (1995) . The S-band rate and the UV rate, both computed in channels 1-8 of the detector, are shown in columns 3 and 4, while their ratio is provided column 5. We finally show the derived lg(L x /L bol ) ratio in the last column, in order to check the reliability of the X-ray detections. The bolometric luminosities have been computed using the stellar data provided in Table 1 and the bolometric corrections from Schmidt-Kaler (1982).
As we can see from Table 6 , most of the B-type stars of our sample have S-band rates significantly higher than the estimated UV-rates. There is only one source for which both values are comparable: HD 87901A. Note that the HRI observations of this star show very large off-axis values and, according to Berghöfer et al. (1999) , Eq. (1) is not reliable for these cases. However, this system was resolved by the PSPC in the RASS survey (see Tab. 2) and, as we mentioned in Sect. 3, no emission was detected from the early-type star but from the secondary.
To further test the reliability of the S-band emission in early-type stars, we have also studied the lg(L x /L bol ) ratio of these stars to see if it is consistent with the ratio for stars of similar spectral types. According to Table 6 , most of the stars show ratios consistent with the reported values for early-type stars (Berghöfer et al. 1997 ). There are also four stars with unusual ratios: HD 87901 with a lower ratio, and HD 123445, HD 127971 and HD 129791, with ratios closer to those found in late-type stars. Given that these three early-type stars also show positive HR, it is possible that they have unresolved late-type companions. However, in the case of HD 87901 the HR is negative and the lg(L x /L bol ) is lower than in late-type stars, so the X-ray emission can not be related with an unresolved source. This fact together with its non-detection in the RASS make us think that this emission is due to the HRI UV leak. Therefore, excluding HD 87901 A, we can identify the computed S-band rates with intrinsic X-ray emission from the sources. The previous test allows to confirm the reliability of the computed HRI HR's. Given that these HR's are systematically positive for late-type stars and systematically negative for early-type stars, we can conclude that the nature of the X-ray emission is intrinsically different for our two samples. We will discuss this point more deeply in the following subsection.
X-ray luminosities
The analysis of the HR's suggests that the nature of the Xray emission is different for our two samples. A useful way to represent this difference consists of comparing the X-ray luminosities obtained in the two HRI bands, S and H, for all of our detected sources. Fig. 3 shows this comparison. Note that we have converted the S-and H-band rates into luminosities following the procedure described in Sect. 3.3. We have not included HD 33802 because the binary is not completely resolved and it is difficult to obtain reliable measurements from the individual members (see Fig. 1 ).
As can be seen from Fig. 3 , there is a clear separation between early-and late-type stars. Early-type stars are generally softer than the late-type companions. This result is in agreement with that obtained from the HR's analysis. Note that although most of the early-type stars lie below the 1:1 correlation line, there are three earlytype primaries with higher X-ray luminosities in the Hband than in the S-band: HD 123445 A, HD 127971 A and HD 129791 A. As we explained before, the higher H-band luminosities obtained for the later-type stars are in agreement with their condition of active stars (note that all are located above or on the 1:1 correlation line). In contrast, the higher H-band luminosities for the early type stars are not easy to explain, given that these stars are not supposed to have a convective zone able to support a corona. Because these stars lie in the same part of the diagram as the late-type secondaries, the simplest explanation is to relate them to unresolved late-type companions.
After the analysis of the X-ray luminosities in the two bands, we have studied the total X-ray luminosities of the whole sample. Given that the X-ray emission typically assumes a particular value for each spectral type, we have plotted the X-ray luminosity against the bolometric luminosity for each star. The bolometric corrections were adopted from Schmidt-Kaler (1982) . Only in the case of the M-type star, HD 109573 B (HR4796 B), the bolometric correction was taken from Kenyon & Hartmann (1995) .
As shown in Fig. 4 , there is a clear separation between late-and early-type stars. Late-type stars lie in the region of lg(L bol /erg/s) ≈ 33 − 34 with X-ray luminosities varying between lg (L x /erg/s) ∼27.5 and 31. On the other hand, the early-type primaries show lower X-ray luminosities that decrease from B1 to A0 spectral types. However, the three late-B type stars which clearly deviate in Fig. 3 also deviate in this figure, showing a higher X-ray emission than expected for their spectral types: B9, B7 and B9.5.
We have compared these results with those previously obtained by Schmitt et al. (1993) . The X-ray luminosities derived for their sample of 7 Lindroos systems agree with our results except in one case: HD 113703. While these authors identify the single HRI X-ray detection with the early-type primary, we think it is most probably related to the late-type secondary. As we discussed in Sect. 3, the difference between the X-ray detection and the optical position is smaller for the late-type secondary in both the broad and hard band images.
At this point we must also remark that the young star HD 109573 B (HR4796 B) shows an X-ray luminosity higher than that reported by Jura et al. (1998) . These authors compute the X-ray luminosity from the same HRI image but using an ECF that corresponds to the PSPC detector, although these detectors have different sensitivities. Moreover, they take a mean ECF from Neuhäuser et al. (1995) which is deduced from a ROSAT survey on Taurus, a star forming region where most of the stars show visual extinctions larger than those in TWA. Therefore, we think that the value listed in Table 5 is more realistic since it takes into account the ECF from the HRI detector and a negligible absorption to the source.
One of our binary systems, HD 560, was detected but unresolved by the ROSAT HRI (see Fig. 1 ). Because this system is comprised of a B9 primary and a G5 . We have also overplotted a sample of main sequence B-type stars extracted from Berghöfer et al. (1996) . They are represented by filled circles.
type companion, we have made a simple test to confirm the results obtained for HD 123445 A, HD 127971 A and HD 129791 A: although we certainly know that HD 560 is a binary system, we have supposed HD 560 to be a single B9 star and not a pair. Therefore, if we assume that the single X-ray detection corresponds to a B9-type star and we plot this source into Fig. 4 (starred symbol), the result is that HD 560 lies in the same part of the diagram as the three sources with unresolved late-type candidates. Hence, this test strengthens the idea of unresolved latetype companions in these late-B type stars.
We have compared our sample of primary stars with a sample of MS B-stars taken from the The RASS catalogue of optically bright OB-type stars (Berghöfer et al., 1996) in Figure 4 . In principle, our primary stars are in good agreement with the sample of B-type stars with comparable X-ray luminosities. Note, however, the large scatter in the X-ray values at lg (L bol /erg/s) ∼ 35.5 (B9 stars). HD 123445 A, HD 127971 A and HD 129791 A lie in this region of the diagram with X-ray luminosities ranging from 10 29.5 to 10 30.8 erg/s. The wide range of X-ray luminosities found in late-B stars from Berghöfer's sample together with the position of our late-B primary stars in Fig. 4 , suggests the possibility of having unresolved late-type companions in late-B type stars with lg (L x /erg/s) >29.5. Although it is beyond the scope of this paper, it would be interesting to check if the MS late-B type stars from Berghöfer et al. (1996) with highest X-ray luminosities are suspected to have late-type unresolved companions.
As we mentioned before, the lg (L x /L bol ) ratio is generally similar for stars of the same spectral type. As an example, a "canonical" relation of (L x /L bol ) ≈ 10 −7 has been reported for O-and early B-type stars (Harnden et al. 1979 , Long & White 1980 , Pallavicini et al. 1981 , Sciortino et al. 1990 . Given that the (L x /L bol ) ratio is characteristic for each spectral type, we have finally compared this value with the HRI HR's computed in Sect. 4.2. 5 shows a clear separation between the stars of our sample. A boundary line drawn at HR = 0 allows us to classify our stars in soft and hard X-ray emitters. While the softer X-ray emitters lie close to the lg (L x /L bol ) ∼ 7 ratio reported for O-and early-B type stars, those with positive HR, are spread over a wide range of lg (L x /L bol ) values. Among the latter, we can also distinguish two groups. On one hand, we find the late-type secondaries lying at the top right corner of the figure. On the other hand, the three late-B type stars with possible unresolved latetype companions occupy a band with lg (L x /L bol ) ranging from -4.5 to -6. Note that these stars clearly deviate from the group of early-type primaries at the left bottom corner of the figure.
If we include HD 560 in Fig. 5 making the same assumptions as in Fig. 4 , ie. assuming that it is a single B9 star responsible for the detected X-ray emission, we can see that the source also lies in the same region as HD 123445 A, HD 127971 A and HD 129791 A.
As a conclusion, we can confirm that B-type stars in the Lindroos systems under study generally show a decrease in the X-ray luminosity for decreasing spectral types (from B0 to B9). The (L x /L bol ) ratio is in agreement with their spectral types and it is well-correlated with their negative HR's. However, there are three sources, HD 123445 A, HD 127971 A and HD 129791 A which show L x values higher than those reported for earlier B-type stars. Moreover, when comparing the (L x /L bol ) ratio with the computed HRI HR's, these three late-B type stars clearly deviate from the sample of primary stars, showing values closer to those reported for the late-type secondaries. Therefore, these three late-B type stars are suspected to have unresolved late-type companions.
5. X-ray emission from late-type secondaries: are they Post T Tauri stars?
As mentioned in the introduction, the late-type secondaries of Lindroos systems have been studied in several spectral ranges. In particular, the optical and IR data provide clear evidences of youth among these stars. In Table 7 we ahow some of the main observational properties of these late-type secondaries. Columns 1, 2 and 3 provide the name of the source, its spectral type and the X-ray luminosity derived from this work. Column 4 shows the equivalent width (EW) of the Li I absorption line while IR data from the IRAS satellite are provided in columns 5 and 6. A 'flag' related to the measured radial velocity of the pair is given in column 7. We have finally summarized all these data in the last columns of the table in order to isolate those late-type stars with evidences to be physically bound to the early-type primaries. Apart from the measured radial velocity of the pair and the Li I EW we have also considered other indicators of youth like the X-ray emission and the measured IR excesses. Pallavicini et al. (1992) . These measurements were derived from high-resolution spectra (resolution of 0.1Å), except those marked with an asterisk, which were obtained from low-resolution spectra (resolution of 2Å; the data marked with a double asterisk are taken from Martín et al., 1992 (disp. of 0.22Å/pix); * * * adopted from Webb et al. (1999) ; 2. The IR data are taken from Ray et al. (1995) ; the two sources marked with a † are located close to the Galactic plane and this seems to be the reason of not being detected by IRAS; 3. If similar radial velocities have been measured for both members of the pair it is indicated by an 'E' (if taken from Gahm et al. 1983 ) and by an 'E' (if taken from Martín et al. 1992) . If the measurements are doubtful, it is indicated by a ':' (see Gahm et al., 1982 and Martin et al., 1992 for more details); 4. We have summarized the data of the table in this column using the symbols +, -and ? for positive, negative and unknown properties respectively. The (+) symbols indicate doubtful properties.
As we can see from Table 7 , all the late-type secondaries in binary systems with similar radial velocities show indications of youth. For the stars with no radial velocity measurements, we have found pairs with clear evidences of youth and hence, most probably physically bound to their primaries: HD 17543, HD 53191, HD 60102, HD 129791 and HD 143939. HD 123445 B and HD 127971 B do not seem to be bound to their primaries because they lack indicators of youth. Finally, HD 40494 B is not detected in X-rays but it shows a strong Li I absorption line (as HD 27638). Therefore, it is not obvious how to classify this source. Radial velocity measurements would be convenient to confirm the nature of this pair.
According to Lindroos (1985) , most of these stars show ages lower than 70 Myr but, as discussed in L86, the uncertainties associated with the age determination are large. Note that the ages of the Lindroos systems were first determined from uvbyβ photometry of the primaries (Lindroos 1985) and making use of the evolutionary tracks and isochrones by Hejlesen (1980) . A new estimation of the ages using modern isochrones plus new optical and IR photometrical data will be postponed to a later publication.
Instead of studying the ages of the systems we have considered the Li I (6708Å) EW and we have related it to the derived X-ray luminosities. As shown in Table 7 , the Li I EW has been directly measured in most of the Lindroos secondaries, so we can study if there is a relation between both parameters. We have plotted in Fig. 6 the Li I EW versus the effective temperature of our stars. Note that these effective temperatures have been derived from their spectral types according to the conversion given by Kenyon & Hartmann (1995) . We have also considered the upper envelopes to the Li I EW of two young clusters, the Pleiades (∼ 125 Myr) and IC 2602 (∼ 35 Myr), so that those secondary stars with Li I EW stronger than in the Pleiades or in IC 2602 are younger than these clusters (data from Soderblom et al. 1993 , Randich et al. 1997 and Stauffer et al. 1997 ). Fig. 6a shows that most of the strongest X-ray emitters are located above the Pleiades upper envelopes to the Li I. This suggests that a large fraction of the Lindroos most of the late-type stars under study have more Lithium I than ZAMS cluster stars, ie. are younger, and the larger the X-ray luminosity the more Lithium abundance at any given spectral type. secondaries are younger than 125 Myr, with 4 of them showing ages lower than 35 Myr. Among these 4 stars, we can clearly distinguish HD 109573 B (HR 4796 B) in the right middle part of the figure, with a high value of the Li I EW. Its X-ray emission is not as large as this coming from the other three sources above the IC2602 Li I envelope. The different spectral type as well as the different evolutionary state could explain this difference. Fig. 6a also allows us to confirm the nature of the HD 123445 and HD 127971 pairs. The secondary stars lie at the bottom of the diagram with upper limits in both, the Li I EW and the X-ray emission. Two more stars show non-detections in X-rays although they lie very close to the upper envelope of the Pleiades: HD 27638 and HD 40494. As we have discussed above, the former is probably bound to the primary (see table 7) while the nature of the later one is not still clear.
As a conclusion, we can say that those stars with strong X-ray emission seem to be younger than IC 2602. Note, however that although the uncertainties associated with the Li I EW measurements are generally low (see Table 7), for the stars earlier than ∼K0 the Li I EW does not allow us to reach any conclusion about their ages because F-and G-type PMS together with ZAMS stars still have their initial Li content.
To study the last issue in detail, we have converted the Li I EW into lithium abundances, N(Li) making use of non-LTE curves of growth from Pavlenko & Magazzú (1996) and assuming a surface gravity of lg g s = 4.5. Note that we have only considered high-resolution data to make this conversion (see Table 7 ). We have plotted this value against the effective temperature of our stars in Fig. 6b . As in the left panel of the figure, we have found strong X-ray emitters above the Pleiades and IC 2602 data. Note that most of the Lindroos secondaries (11) show lithium abundances close to 3.0 which is consistent with low mass PMS stars.
Results and Conclusions
We have reported the X-ray emission from Lindroos binary systems observed with ROSAT. Most of the stars from this sample are detected in the RASS and several binary systems were observed with the PSPC and the HRI. After the analysis of the data, the main conclusions are:
1. Both, early-and late-type stars, show the same distribution of the X-ray Luminosity Function (XLF). Both samples are statistically similar with a probability of a 0.8. When we repeat the analysis without including stars that could be contaminating the samples, that is, without con-sidering most certainly unbound secondaries, early-type primaries with possible unresolved late-type companions and one unreliable X-ray detection, the result does not change. The probability is reduced to 0.4 but it is large enough to statistically confirm the similarity of both samples.
2.
A careful study of the HRI hardness ratios of our sample allows to discriminate between soft and hard X-ray emitters. Late-type stars always show positive HR while most of the early-type stars show negative values. Moreover, if we compare the X-ray luminosity in the two energy bands of the HRI, we can see that there is a clear separation between the two samples. Late-type stars show higher H-band than S-band X-ray luminosities. This result can be explained in terms of an energetic corona and activity episodes commonly reported in these stars. In the case of early-type stars, most of them present higher S-band than H-band luminosities. However, there are three X-ray sources formally identified as early-type primaries which show H-band luminosities comparable to those of late-type stars: HD 123445 A, HD 127971 A and HD 129791 A.
3.
The L x − L bol diagram shows a clear separation among sources of different spectral types. This separation is even more prononced when the L x /L bol ratio is plotted vs. the HRI hardness ratio. While early-type stars, which generally show negative HR's, lie close to the L x /L bol = 10 −7 "canonical" relation, late-type stars show positive HR's and present higher values of this ratio (L x /L bol ∼ 10 −3 ).
For those particular cases of early-type stars with positive HR's, we have seen that they display X-ray luminosities comparable to those of the late-type companions. When they are plotted into the L x /L bol -HRI HR diagram, they lie closer to the late-type stars than to the B-type group. All these evidences make us conclude that HD 123445 A, HD 127971 A and HD 129791 A are good candidates to have unresolved late-type companions.
5. The computed X-ray luminosities together with the Li I (6708Å) EW and abundances deduced for the Lindroos late-type secondaries have revealed this group of stars to be a good sample of PTTS candidates. A strong X-ray emission is reported for the youngest ones. Although we have no reliable measurements of their ages, most of the Lindroos secondaries seem to be younger than 125 Myr (when compared to the Pleiades) with three of them showing ages lower than 35 Myr (IC 2602 cluster). Also HD 109573 B (HR 4796 B) is located above these two clusters showing a high X-ray emission.
This study also has allowed us to confirm the optical nature of the HD 123445 and HD 127971 pairs. In this sense, two more systems are classified as doubtful: HD 87901 and HD 40494. The former lacks clear indicators of youth while HD 40494, although not detected in X-rays, may be a young star bound to its primary.
